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rigin and Significance
f Heart Rate Variability*
ikko Tulppo, PHD,†
eikki V. Huikuri, MD, FACC‡
ulu, Finland
easurement of heart rate variability (HRV) has become an
mportant research tool for both clinical and basic scientists
1,2). The better reproducibility and the possibility of
easuring long-range heart rate (HR) fluctuations are
dvantages of 24-h electrocardiographic (ECG) recordings
ver short-term recordings in the assessment of HRV (2).
ong-range oscillations of HR determine a larger propor-
ion of 24-h HRV than do short-term oscillations. This
henomenon can be demonstrated by plotting the (log)
ower to (log) frequency of HRV in the region of ultra-
ow-frequency (ULF) and very-low-frequency (VLF) power
pectral bands, where an inverse power-law relationship (1/f
ynamics) can be observed between the power and the
See page 2271
requency of R-R interval oscillations (2). Similar charac-
eristics can also be observed at higher frequencies, except
hat small peaks in the spectrum exist at the frequency of
pontaneous blood pressure oscillations and respiratory fre-
uency (2).
rigin of long-range HRV. Despite the documented
rognostic information obtained by measurements of long-
ange HRV indexes from 24-h ECG recordings in various
atient populations (3–5), the origin of these oscillations
nd the background of altered long-term HR dynamics are
ot well established. Lack of this information may be one of
he many reasons why the measurement of 24-h HRV has
ot become a routine tool in clinical practice. From a
athematical viewpoint, long-range HRV, such as standard
eviation of the 5-min mean R-R interval (SDANN) and
LF power, can be assumed to be larger when there are
arge temporal differences in the mean HR between time
pochs more than 5 min apart from each other. Another
actor that influences the magnitude of these HRV indexes
s the average HR itself. The higher the average HR, the
ower the HRV, even when the relative fluctuations of HR
re similar at high and low HR, respectively. Despite these
athematical assumptions, the reasons for reduced long-
*Editorials published in the Journal of the American College of Cardiology reflect the
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merican College of Cardiology.
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inland. Supported in part by the Medical Council of the Academy of Finland,uelsinki, Finland.ange HRV during “free-running” ambulatory conditions
ave not been systematically studied.
In this issue of the Journal, Roach et al. (6) report their
esults on the effects of changes in the daily activity levels on
ong-range HRV indexes such as SDANN and the ULF
ower spectral component (6). In their study, where activity
as strictly controlled, SDANN and ULF power were lower
uring the “rest day” than the “activity day.” Furthermore,
he relative contribution of each specific activity to the
DANN value was calculated. On the basis of their obser-
ations, the authors conclude that long-range HRV indexes
re partly dependent on the range of daily activity (6).
Although changes in activity level have evident influences
n various indexes of HRV, some caution should be
bserved in assuming that long-range HRV indexes could
imply be used as “surrogates” of individual daily activity and
unctional state. Although SDANN and ULF power are
nfluenced by the amount and duration of various daily
ctivities, the type of physical activity may have divergent
ffects on measures of HRV. This is illustrated in Figure 1,
here steady-state exercise (i.e., walking at a constant rate
nd regular activities in the standing position) resulted in a
eduction of SDANN, whereas an incremental exercise with
long-term trend in HR resulted in an increase of
DANN. These examples from a previous study (7) dem-
nstrate that there is complex interaction between the type
nd duration of physical activity, average HR, and the
ndexes of long-range HRV.
On the basis of the study by Roach et al. (6) and the
bservations shown in Figure 1, it is evident that range,
uration, and type of activity have obvious effects on various
easures of HRV. However, these experiments do not give
nsight into whether the ULF oscillations of heart period are
lso determined by periodic or quasiperiodic oscillations of
R originating from an intrinsic regulatory system. Further
tudies will be needed to address this issue. The postulation
f an intrinsic physiologic origin is supported by the notion
f a dominant ULF power spectral component, even during
trictly controlled resting conditions without any physical
ctivity.
RV in chronic heart failure (HF). Several studies have
eported reduced long-range HRV among patients with
hronic HF to be associated with increased mortality
5,8–11). However, conclusive understanding of the patho-
hysiology of the reported alterations in HRV in HF is still
acking. On the basis of the results by Roach et al. (6), it is
ossible that the reduced long-range HRV in patients with
hronic HF is partly due to the reduced range of physical
aily activity and the higher HR of the patients without
eta-blocking medication. However, it is evident that re-
uced HRV in HF is also a result of altered cardiac
utonomic regulation. This is supported by a large body of
vidence documenting autonomic dysfunction consisting of
ympathetic activation, parasympathetic withdrawal, and
nresponsiveness of peripheral organs in HF (12–15).
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June 16, 2004:2278–80 Editorial Commenthronotropic incompetence has been documented in pa-
ients with HF as a specific component of autonomic
ysfunction (16,17). This is probably another important
eterminant of reduced long-range HRV. Thus, the major-
ty of observations suggest that altered autonomic regulation
s the main reason for abnormalities in various indexes of
RV in chronic HF. This pathophysiologic link makes it
ossible to understand why abnormal HR dynamics, reflect-
ng altered cardiac autonomic regulation, are also associated
ith vulnerability to life-threatening arrhythmias.
Practical usage of Holter recordings in the assessment of
RV is confounded by the large number of measures and
ndexes that have been introduced to provide prognostic
nformation. In old post-infarction series, long-range HRV
ndexes seemed to yield the most powerful prognostic infor-
ation (3,18). Recent studies have shown that a more specific
bnormality of HRV is the blunted or absent low-frequency
scillation of HR in HF (19). Methods of analysis based on
ractals and non-linear dynamics have shown that abnormal
hort-term fractal HR dynamics, reflecting partly reduced
ow-frequency oscillations of HR, provide the most powerful
rognostic information among postinfarction patients with left
entricular dysfunction and also among patients with chronic
igure 1. Standard deviation of the 5-min mean R-R interval (SDANN)
nd corresponding heart rate (HR) analyzed from 15 min of supine rest,
rom 15 min free standing in laboratory, from 15 min steady-state treadmill
alking at 4.5 km/h, and finally from incremental treadmill walking (from
.5 km/h to 6.5 km/h) in four healthy subjects. Data is re-analyzed from
he study of Tulppo et al. (7).F (20–22). Finally, altered HR turbulence, also reflectinghort-term HR dynamics, seems to have prognostic signifi-
ance among post-infarction patients (23). Taken together,
hese recent observations suggest that analysis of short-term
R dynamics may better reflect the abnormalities in intrinsic
utonomic regulatory systems and the risk of mortality than do
ong-range HRV indexes.
It can be concluded that we still have insufficient under-
tanding of the exact underlying mechanisms that induce
he observed alterations in HRV in chronic HF. Despite the
ctive research on the various aspects of HRV, new research
odels and large prospective evaluations will still be needed
efore widespread application of this technique becomes
ossible.
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